Axiomatic Design (AD) principles have been used to resolve the multicriteria decision making (MCDM) problems in engineering. With respect to MCDM problems in intuitionistic fuzzy environment, in which the criteria values take the form of intuitionistic fuzzy numbers, a new MCDM method is developed. Firstly, the approach proposed by Chen is extended to aggregate the decision makers' opinions in intuitionistic fuzzy environment. Secondly, membership common area and nonmembership common area are derived from the membership probability density function and the nonmembership probability density function, respectively. Then the membership information content and nonmembership information content are obtained based on the basic ideal of axiomatic design principles. Afterwards, the score function S and accuracy function H in intuitionistic fuzzy sets are extended with the information content to compare the alternatives. The alternatives that have the lowest values of functions of S and H are the best. Finally, a numerical example is used to illustrate the availability of the proposed method.
Introduction
Decision making problems are widespread in engineering such as in construction engineering [1] , industrial engineering and manufacturing systems [2] [3] [4] [5] [6] , computer engineering [7, 8] , chemical engineering [9, 10] , aerospace mechanical engineering [11] , and bioengineering [12] . In decision making problems, it is often to consider the evidence based on several criteria rather than on a single criterion. Moreover, with the increasing complexity of engineering and socioeconomic environment, it is more and more difficult for a single decision maker to consider all relevant aspects of a problem [13] . Therefore, complex decision problems often have to be conducted by a group of experts with the integration of their knowledge and experiences [14] . A lot of work has been done on these complex multicriteria decision making problems and many methods are proposed to deal with them [15] [16] [17] [18] [19] [20] .
Axiomatic design (AD) principles are developed to form systematic scientific basis for designers, especially in the product design and software design, and are widely used to solve many design problems. It is a methodology to describe design objects and a set of axioms to evaluate relations between intended functions and means by which they are achieved [21] . AD principles allow for the selection of not only the best alternative within a set of criteria but also the most appropriate alternative [22] . Recently, the studies aiming at solving multicriteria decision making problems based on AD principles have been proposed. For example, AD principle has been used to resolve the flexible manufacturing system configuration selection [23] , equipment selection [24] , transportation company selection [22] , manufacture technologies selection [16] , and shipyards selection [25] problems.
In the application of axiomatic design principles for MCDM problems, many aspects in engineering cannot be evaluated in a quantitative form but rather in a qualitative way; that is, with vague or imprecise knowledge [26] , especially in the early stage of engineering, the data available is often limited and inaccurate [27] . Decisions have to be made in circumstances with vague, imprecise and uncertain information. In this condition, it is more suitable for decision makers to provide their preferences by means of linguistic variables instead of numerical ones regarding the uncertain knowledge they have about the problem. Therefore, fuzzy sets are proposed to cope with the linguistic evaluating information [22] . The core of fuzzy sets is the determination of the membership [28] . However, in many situations, the available information is not sufficient for the exact definition of degree of membership for a certain element. There may be some hesitation degree between the membership and the nonmembership degrees. Thus due to insufficiency in information availability, Boran et al. and Li [29, 30] introduced the concept of intuitionistic fuzzy sets (IFSs), which is a generalization of the concept of fuzzy sets. IFSs are characterized by a membership function and a nonmembership function and are more suitable for dealing with fuzziness and uncertainty [31] . Due to its capability of accommodating hesitation in human decision processes, IFSs have been widely used to tackle imprecise and uncertain decision information in decision making [32] [33] [34] [35] [36] [37] .
In this paper, axiomatic design principles are extended to solve the group decision making problems in intuitionistic fuzzy environment. To do that, the remainder of this paper is set out as follows. In the next section, we introduce some basic concepts of intuitionistic fuzzy set theory and axiomatic design principles. In the third section, firstly, the axiomatic design principles are extended in intuitionistic fuzzy environment. Afterwards, we develop the MCDM method based on the extended axiomatic design principles in intuitionistic fuzzy environment. In Section 4, we give an example to illustrate the availability of the proposed method. In the final section, we conclude the paper and give some remarks.
Preliminaries

Intuitionistic Fuzzy Sets.
IFSs are an extension of the classical fuzzy set theory and are fit to deal with vagueness and uncertainty. 
It is obviously seen that for each ∈ , we have
When ( ) = 1 − ] ( ) for all elements, the traditional fuzzy set concept is obtained [20] . Therefor fuzzy sets are the special case of IFSs.
The score function of an intuitionistic fuzzy number can be represented as follows [38] :
And the accuracy function of an intuitionistic fuzzy number can be represented as follows [39] : Definition 2. A standard triangular intuitionistic fuzzy number (STIFN) [40] in is represented by
; ] ) as shown in Figure 1 .
Definition 3 (arithmetic operations on intuitionistic fuzzy numbers). For two STIFNs,
, for > 0, > 0 and > 0, the arithmetic operation is defined as follows [40] [41] [42] :
Definition 4 (hamming distance on intuitionistic fuzzy numbers [42] ). The Hamming distance between intuitionistic fuzzy numbers and is calculated as
Definition 5 (the order relation on intuitionistic fuzzy numbers). The order relation between two intuitionistic fuzzy numbers based on the score function and the accuracy function is defined as follows [43] .
(i) If < , then is worse than .
(ii) If > , then is better than . 
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Axiomatic Design Principles.
The most important concepts in AD principles are independence axiom and information axiom [21, 44] . The independence axiom states that the independence of functional requirements (FRs) must be maintained. Functional requirements refer to the minimum set of independent requirements that characterizes the design goals. The information axiom states that the design that has the smallest information content is the best design among the designs that satisfy the independence axiom. The information axiom facilitates the selection of proper alternatives [21] . It is symbolized by the information content that is related to the probability of satisfying the design goals. The information content ( ) is given by
where is the probability of achieving a given FR. If there is more than one FR, the information content is the sum of all the probabilities, which can be calculated as follows:
The probability of success is given by what a designer wishes to achieve in terms of design range and what the capacity of the system in terms of system range [27, 44] . The intersection area of the design range and the system range is the common area where the acceptable solution exists, as shown in Figure 2 .
Therefore, in the case of uniform probability distribution function can be written as [44] = Common Area System Design .
Thus, the information content is equal to [27] = log 2 System Design Common Area .
The Method for Multicriteria Decision Making Problems Based on the Extended AD Principles in Intuitionistic Fuzzy Environment
The Extension of AD Principles in Intuitionistic Fuzzy
Environment. The criteria values are considered as linguistic variable in intuitionistic fuzzy environment. We have incomplete information about the system and design ranges. The system and design ranges for a certain criterion will be expressed by using "membership, " "nonmembership" and "hesitation degree. " There are two kinds of functions of intuitionistic fuzzy numbers, which are membership function and nonmembership function. Correspondingly, we can get two kinds of probability density function in the crisp case. Therefore, the intersection areas of membership functions and nonmembership function of intuitionistic fuzzy numbers can be obtained, respectively, as shown in Figure 3 .
The membership information content and nonmembership information content are equal to
In intuitionistic fuzzy environments, the score function function and the accuracy function are used to compare the intuitionistic fuzzy values. In the study, we extend the functions and with the information content in axiomatic design environment. We define the following score function and accuracy function of the information content, which are calculated as
The Method for Multicriteria Decision Making Problems Based on the Extended AD Principles in Intuitionis-
tic Fuzzy Environment. Let = { 1 , 2 , . . . , } be a discrete set of alternatives, = { 1 , 2 , . . . , } the set of criteria, = { 1 , 2 , . . . , } the weight vector of criteria, where
System range of intuitionistic fuzzy numbers value, which takes the form of intuitionistic fuzzy number, given by the decision maker ∈ , for the alternative ∈ with respect to the criterion ∈ . The steps of the method for multicriteria decision making problems based on the extended axiomatic design principles in intuitionistic fuzzy environment are as follows.
Step 1. Transform the data into intuitionistic fuzzy numbers.
Preference values and functional requirements take the form of linguistic terms. Since linguistic terms are not mathematically operable, at first, they must be transformed into numbers.
Step 2. Aggregate the decision makers' opinions.
In this step, the approach presented by Chen [45] is extended to aggregate the decision makers' opinions in intuitionistic fuzzy environment. The steps are as follows.
Step 2.1. Calculate the degree of agreement. Formula (14) is used to calculate the degree of agreement (̂,̂) of the opinions between each pair of decision makers and ,
Step 2.2. Calculate the average degree of agreement ( ) of decision maker , where
Step 2.3. Calculate the relative degree of agreement ( ) of decision maker , where
Step 2.4. Suppose that the importance weight of the decision makers and the agreement weight of the decision makers are 1 and 2 , where 1 ∈ [0, 1] and 2 ∈ [0, 1]. The consensus degree coefficient ( ) of decision maker is calculated by
Step 2.5. Aggregate the fuzzy opinions and the result is
where, operators ⊗ and ⊕ are the intuitionistic fuzzy multiplication operator and the intuitionistic fuzzy addition operator, respectively.
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Step 3. Calculate the membership information content .
For each , the membership information content is calculated by (19)
wherê1 and̂3 are the lower and upper values of the alternative on the criterion , respectively, and̂1 and 3 are the lower and upper values of .
Step 4. Calculate the nonmembership information content . For each , the nonmembership information content is calculated by (20)
Step 5. Calculate the value of score function of information content.
The value of score function of the alternative can be got as follows:
Step 6. Calculate the value of accuracy function of information content.
The value of accuracy function of the alternative can be got as follows:
Step 7. Select of the best alternative.
Since the values of and are derived, the ranking order of all alternatives can be determined according to the following rules.
(i) If < , then is worse than . Table 2 : The evaluation information given by the decision makers. 
Illustrative Example
Knowledge management refers to the management of the knowledge distributed in the organization [46] . An aviation design institute is desired to select the fittest knowledge map design for knowledge management. Knowledge map refers to the document category with the concept of hierarchy employed to organize and find organizational knowledge [47, 48] . It is the key component in knowledge management system. After preevaluation, five knowledge map designs denoted by ={ 1 , 2 , 3 , 4 , 5 } remained as alternatives for further evaluation. The committee composed of three decision makers participates in this study. Because of the different backgrounds of the decision makers, the weight degrees of the three decision makers are 0. Table 1 to express their preferences.
The linguistic evaluating information of knowledge map designs given by the decision makers is shown in Table 2 . The functional requirements (FRs) are shown in Table 3 . The first step is the transformation of the linguistic evaluation information and functional requirements into intuitionistic fuzzy numbers. Then they can be dealt with by the following steps.
Step 2.1. Calculate the degree of agreement as follows: 
Step 2.2. Calculate the average degree of agreement of decision makers as follows:
Step 2.3. Calculate the relative degree of agreement of decision makers as follows:
Step 2.4. Calculate the consensus degree coefficient as follows: 
Step 2.5. Aggregate the fuzzy opinions. The aggregated results are presented in Table 4 .
From the table we see that the values of alternatives 3 on criterion 1 and 4 on criteria 1 and 3 are beyond the scope of the functional requirements. Therefore, 3 and 4 are removed from the set of available alternatives.
The following calculation of membership information content 21 of alternative 2 on criterion 1 is provided as an illustration: 
The calculation results of all the membership information contents are shown in Table 5 .
Step 4. Calculate the nonmembership information content .
The following calculation of nonmembership information content 21 of alternative 2 on criterion 1 is provided as an illustration: 
The calculation results of all the nonmembership information contents are shown in Table 6 .
The value of score function 2 of the alternative 2 can be gotten as follows: 
The values of all the score functions are shown in Table 7 .
The value of accuracy function 2 of the alternative 2 can be gotten as follows: 
The values of all the accuracy functions are shown in Table 8 . Step 7. Select of the best alternative. Ranking the alternatives in the ascending order of the firstly, and then ranking the alternatives in the ascending order of in the condition that are equal. The final ranking of the alternatives is
From the final ranking, clearly, we see that 1 is the fittest knowledge map design, followed by 5 , while 2 is considered as least fit. Since the values of 3 and 4 on some criteria are beyond the scope of the functional requirements, the alternatives 3 and 4 are deemed as unfit.
From the example we can see that (1) the preferences are expressed comprehensively with the membership degree, the nonmembership degree and hesitation degree in intuitionistic fuzzy environment; (2) the efficiency of the method is improved because of the movement of the unfit alternatives in the calculation.
Conclusions
In this paper, we make the extension of AD principles for multicriteria group decision making problems in intuitionistic fuzzy environment. After the transformation and the aggregation of the decision makers' opinions, we use the membership probability density function and the nonmembership probability density function to calculate the membership common area and nonmembership common area. Then the membership information content and nonmembership information content are obtained based on the basic idea of axiomatic design principles. Afterwards, the score function and accuracy function are extended to compare the alternatives in intuitionistic fuzzy environment. Finally, the availability of the proposed method is validated by the numerical example.
The proposed method has the following main advantages.
(1) The preferences are expressed more comprehensively for the fuzziness and uncertainties are characterized not only by the membership but also the nonmembership degrees in intuitionistic fuzzy environment. (2) The efficiency of the decision making process is improved because of the remove of the unfit alternatives in the middle of calculation. (3) Not only the best alternative within a set of criteria but also the most appropriate alternative can be selected because the axiomatic design principles allow functional requirements being not only extreme numbers but also middle numbers.
Some distinguished contributions of this study are as follows (1) The extension of axiomatic design principles in intuitionistic fuzzy environment implies that (1) the membership information content and nonmembership information content are proposed to calculate the gap between preference values of the alternative and function requirements on the criteria; (2) the score function and the accuracy function in intuitionistic fuzzy sets are extended based on the membership information content and nonmembership information content to compare the alternatives. (2) The method for multicriteria decision making based on the extended axiomatic design principles in intuitionistic fuzzy environment is proposed to cope with the linguistic evaluation information. Moreover, in the method, the approach presented by Chen and Tan [38] is also extended to aggregate the decision makers' linguistic opinions, which is an important reference for the aggregation of decision makers' opinions in intuitionistic fuzzy environment. (3) In the end of the paper, the numerical example can be a reference for the knowledge map design evaluation and selection.
